The formation of the icosahedral phase, BCC (Body centred cubic) phase and nanocrystals are seen in the as-cast alloy with nominal composition of Mg 4 Zn 94 Y 2 . FCC (face centred cubic) phase and modulated structures are formed in the alloys with higher Y content (10% and 25% Y respectively). These phases are analysed keeping in view their relation to the quasicrystals of the Mg-Zn-Y system.
INTRODUCTION
Pioneering work in the elucidation of the phase diagram of Mg-Zn-Y system was done by Padezhnova et al [1] , wherein they reported three ternary phases. The startling realisation by Luo et al [2] that the equilibrium Mg 3 Zn 6 Y phase is actually an Face Centred Icosahedral (FCI) quasicrystal has opened new vistas. Tsai et al [3] reported a list of rare earth elements, which form the FCI phase with a highly ordered structure. Subsequently the decagonal phase was also reported to occur in this system [4] .
Hexagonal phases and their structural relation to the quasicrystals of this system have been studied [5, 6] . The structure of the decagonal phase can be explained in terms of a covering of tiles [7] . Superlattices to one of the hexagonal phases were also reported [8] . It was seen that the icosahedral phase can reversibly transform to the hexagonal crystal [9] . These discoveries brought forth the important realisation that the quasicrystals in this system do not have large clusters [10] .
Crystalline phases in this system have received considerable attention as well. Luo et al [11] had shown the existence of an 18R modulated structure in this system. Further Luo et al [12] had identified Mg 7 Zn 3 as an 1/1 approximant to the icosahedral phase. Recently Luo and Hashimoto [13] have found W' as an ordered structure to be an approximant phase and Sterzel et al [14] have reported a cubic approximant in the Zn-Mg-Er system.
The recent phase diagram work by Tsai et al [15] has updated our understanding of the Mg-Zn-Y system. It is important to note that the hexagonal quasicrystal is conspicuous by its absence. Currently, Mg In the present work, using TEM (Transmission Electron Microscope) as the main tool, the formation of nanocrystals, quasicrystals, modulated structures and crystals is shown in the as-cast alloys of Mg-Zn-Y system.
EXPERIMENTAL DETAILS
Mg (99.9%), Zn (99.9%) and Y(99.9%) were used for sample preparation and the compositions chosen were melted in an induction furnace back-filled with Ar, in highalumina crucibles. JEOL computerised X-ray diffractometer operating at 30 kV and with a step angle of 0.02 o was used for identification of the phases. Cu K α radiation (λ = 1.542 Å) was used for XRD (X-Ray Diffraction) and the patterns were indexed using JCPDS/ICDD (Joint Committee for Powder Diffraction Standards / International Centre for Diffraction Data) files. Cast samples for TEM were prepared by ion milling using the GATAN ( www.gatan.com) dual ion mill (model 600). TEM was performed using the JEOL 2000FXII 200KV (www.jeol.com) microscope.
RESULTS
Several alloys in the Mg-Zn-Y system were investigated. One alloy is chosen on the e/a = 2.02 line, four alloys close to the e/a = 2. A hexagonal growth morphology with 4-fold dendrite on some hexagonal facets along with eutectic morphology is seen in the as-cast Mg 4 The as-cast Mg 37 Zn 38 Y 25 alloy showed some amorphous regions. Large portions of this high Y containing sample showed the formation of a modulated phase with a period along the direction of modulation of 2.64 Å (figure 5). Five rows of streaks, which also had modulated intensity, could also be seen between rows or spots in the two-fold zone. Some of these rows of diffuse intensity could be resolved into spots in an off-zone SAD pattern. The 'd' spacing of the spots along the direction of modulation is 15.9 Å. Figure 5b shows a highresolution picture of this modulated structure. This phase seems to be a modification of the modulated FCC structure (X-phase with a = 4.5 Å) reported by Luo et al [11] . Additional complexity in the structure reported here is seen in the [112] zone as five rows of streaks between the prominent row of spots. This phase seems to have a close relation to QC seen in some of the other alloys chosen in the system as well. Grains with appreciable diffuse scattering were also seen in the as-cast sample. Figure 6 shows SAD patterns from a new FCC phase, which has a lattice parameter of 7.07 Å. The diffuse scattering could be from defects in the structure or from a second phase on a fine scale. The diffuse scattering connecting the (220) planes in the 12 ZnY phases. Some of the peaks could not be assigned to any known compound. This could be from some unknown high Y containing ternary phase. Appreciable peak broadening could be seen in the as-cast condition. TEM investigations revealed the presence of large regions of the sample with fine-grained structure. SAD patterns from these regions showed rings where the intensity of main lines seems to have been severely smeared. Another phase with modulated intensity in SAD pattern was seen in some regions. As compared to the modulated structure in the Mg 37 Zn 38 Y 25 alloy here only a single row of streaking was observed between dense row of spots. Apart from the main modulation of spot intensities, a modulation of a different kind was observed at a finer scale in the SAD pattern.
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DISCUSSION
In the modulated phase observed in the Mg 37 Zn 38 Y 25 alloy, five weaker spots, are observed between the bright spots, in the zone corresponding to the [τ 1 3τ+1] zone of the QC. This phase, which is modification of the X-phase [11] , seems to be a precursor phase for the modulated structures observed in the alloys with even higher Y content. There is a considerable similarity in the 'd' spacings data for the various phases observed in this system. A schematic understanding of two possible routes, leading to structures with increasing complexity are: (a) hexagonal crystals → hexagonal superlattices → QC, (b) hexagonal phases → modulated phases → QC.
The e/a ratio seems to play an important role in the formation of phases. In the Mg 51 Zn 41 Y 8 alloy, the composition of the distorted 5-fold dendrites (which were developing into hexagonal shapes on further growth) was Mg 18 Zn 74 Y 8 (e/a = 2.08). This feature not only shows the relation between the hexagonal phases and IQC observed in the system, but also highlights the importance of the e/a = 2.08 line. This e/a value seems to have a stabilising effect on the different phases formed. In the Mg 4 Zn 94 Y 2 , alloy the decagonal phase was expected to form. Instead, only the FCI phase formed. Heat treatment led to the increase in the percentage of the IQC confirming this aspect. The composition of the 4-fold dendrite, in the as-cast Mg 4 Zn 94 Y 2 alloy, is close to that of the YZn 12 phase which has an e/a value of 2.08. Hence phases with varied structures including the QC, hexagonal phases and tetragonal phase are stabilised at this e/a value. The connection between these phases is also evident from the fact that they occur grown-together with an orientation relation.
A variety of phases seem to form fine-grained structures tending to nanocrystals in the Mg-Zn-Y system (as-cast and melt-spun). No conventional rational approximants were observed in the Mg-Zn-Y system. Tamura et al [16] have shown that many binary and ternary phases occurring in this system display icosahedral coordination and thus qualify as crystal approximants. One phase comes close to the Mackay phase in terms of atomic clusters. Ranganathan et al [17] have emphasised the role of gamma brass structures as crystal approximants. Ranganathan and Inoue [18] have shown that there is a very strong link between the tetrahedral star of four interpenetrating icosahedra found in gamma brass structures and icosahedral quasicrystals. They have also shown that the phases identified by Luo and Hashimoto [13] in this system and by Sterzer et al [14] in an analogous system are actually ordered gamma brass structures.
The relation of the cubic, orthorhombic and hexagonal phases forming in the Mg-Zn-Y systems, including the new ones found in the current investigation, to the quasicrystals requires further investigation.
CONCLUSIONS
Phases related to the FCI phase are observed in many of the alloys studied. Modulated phases are also observed in the high Y containing alloys. Phases observed in the current investigation include: a BCC phase in the Mg 4 Zn 94 Y 2 alloy with a lattice parameter of 10.7 Å, a FCC phase with a lattice parameter of 7.07 Å and a modulated structure in the alloy with 25% Y. Compositions in the Mg-Zn-Y system can be fine tuned to obtain fully nanocrystalline alloys as nanocrystalline regions could be seen in the as-cast condition in many of the alloys studied.
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